Central control of lower esophageal sphincter relaxation.
The lower esophageal sphincter is innervated by both parasympathetic (vagus) and sympathetic (primarily splanchnic) nerves; however, the vagal pathways are the ones that are essential for reflex relaxation of the lower esophageal sphincter (LES), such as that which occurs during transient LES relaxations. Vagal afferent sensory endings from the distal esophagus and LES terminate in the hindbrain nucleus tractus solitarius. The preganglionic motor innervation of the LES arises from the dorsal motor nucleus of the vagus. Together these nuclei comprise the dorsal vagal complex within which there is a neural network coordinating reflex control of the sphincter. Vagal efferent preganglionic neurons to the gastrointestinal tract are organized viscerotopically in the dorsal motor nucleus of the vagus. Stimulation of the dorsal motor nucleus of the vagus caudal to the opening of the fourth ventricle results in relaxations, whereas stimulation in the rostral portion of the nucleus evokes contractions of the LES. Few details are known about the neural circuitry that links sensory information from the stomach and esophagus within the nucleus tractus solitarius to these separate populations of neurons within the dorsal motor nucleus of the vagus. The motor vagal preganglionic output is primarily cholinergic, which ultimately stimulates excitatory or inhibitory motor neurons that control the smooth muscle tone. Excitatory neurons evoke muscarinic receptor-mediated muscle contraction. Inhibitory neurons evoke nitric oxide or vasoactive intestinal polypeptide-mediated relaxation of the lower esophageal sphincter. However, other neurotransmitters are found in vagal preganglionic neurons, including norepinephrine/dopamine and nitric oxide. A subpopulation of nitric oxide synthase-containing vagal preganglionic neurons innervate the upper gastrointestinal tract and mediate relaxation. The neurotransmitters and circuitry controlling lower esophageal sphincter pressure are important to characterize, because part of the dorsal vagal complex is outside of the blood-brain barrier and is a potential target for pharmacologic intervention in the treatment of such disorders as gastroesophageal reflux disease.